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Abstract. We show that the B−L Supersymmetric Standard Model with Inverse Seesaw (BLSSMIS)
provides new Dark Matter (DM) candidates (lightest right-handed sneutrino and lightest B − L
neutralino) with mass of order few hundreds GeV, while most of other SUSY spectrum can be quite
heavy, consistently with the current Large Hadron Collider (LHC) constraints. We emphasize that
the thermal relic abundance and direct detection experiments via relic neutralino scattering with
nuclei impose stringent constraints on the B − L neutralinos. These constraints can be satisfied by
few points in the parameter space where the B − L lightest neutralino is higgsino-like, which cannot
explain the observed Galactic Center (GC) gamma-ray excess measured by Fermi-LAT. The lightest
right-handed sneutrino DM is analysed. We show that for a wide region of parameter space the
lightest right-handed sneutrino, with mass between 80 GeV and 1.2 TeV, can satisfy the limits of the
relic abundance and the scattering cross with nuclei. We also show that the lightest right-handed
sneutrino with mass O(100) GeV can account for the observed GC gamma-ray results.
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1 Introduction
Non-vanishing neutrino masses and the existence of non-baryonic DM are firm evidences of a new
physics beyond not only the Standard Model (SM) but also the Minimal Supersymmetric Standard
Model (MSSM). The neutrinos are massless in the MSSM and the combined constraints from the
LHC and the DM search limits rule out most of its parameter space, so it becomes very challenging
for the MSSM Lightest Supersymmetric Particle (LSP) to remain a viable candidate of the DM [1–4].
Because of this, the B−L (Baryon minus Lepton number) extension of the MSSM (BLSSM) is a well
motivated scenario of new physics beyond the SM.
In the BLSSM, (heavy) right-handed neutrino superfields are introduced in order to implement
seesaw mechanism, which provides an elegant solution for the existence and smallness of the (light)
left-handed neutrino masses. TeV scale BLSSM with Type-I seesaw requires a finely tuned small
neutrino Yukawa coupling ( <∼ 10−7) [5–14]. However, if one implements Inverse Seesaw (IS) mecha-
nism, neutrino Yukawa coupling does not have to be small and it can even be comparable to the top
quark Yukawa coupling [15]. One of the interesting feature of the BLSSMIS is that the SM-like Higgs
boson mass gets a significant one loop radiative corrections due to the right-handed (s)neutrinos [16],
which alleviate the so-called ‘little hierarchy problem’ of the minimal SUSY realization, whereby the
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currently measured mass of the SM-like Higgs mass is very near its absolute upper limit predicted
theoretically, of 130 GeV [17]. Furthermore, it was pointed out that in the BLSSMIS the scale of
B − L symmetry breaking can be naturally related to the SUSY breaking scale for a wide region of
parameter space [18].
The BLSSMIS provides new DM candidates that may account for the relic density with no conflict
with other experimental/phenomenological constraints. DM in extended MSSM models recently drew
a lot of attention [19–24]. In this paper, we consider the scenario where the extra B − L neutralinos
(three extra neutral fermions: U(1)B−L gaugino and two extra higgsinos) or the lightest right-handed
sneutrino can be the LSP, hence a stable and viable candidate for cold DM. We examine the thermal
relic abundance of these particles and discuss their direct and indirect detections if they form part of
our galactic halo. Our analysis is a completion for the work done in refs. [22, 23]
The paper is organized as follows. In section 2 we define our BLSSMIS model and present the
possibility that the LSP could be the lightest B − L neutralino or lightest right-handed sneutrino.
Section 3 is devoted to the study of B − L neutralino DM, in particular thermal relic abundance,
direct detection, and GC gamma-rays excess are investigated. In section 4 we analyse the right-
handed sneutrino DM and emphasize that, unlike the scenario of lightest neutralino, there are many
points of parameter space with lightest sneutrino mass between 80 GeV and 1.2 TeV are allowed.
Also a significant number of these points predict spin-independent scattering cross sections that can
be probed in near future. Finally, we show that lightest right-handed sneutrino with mass ∼ 100 GeV
can account for GC gamma-ray excess. Our conclusions are given in section 5.
2 Lightest Supersymmetric Particle in the BLSSMIS
TeV scale BLSSMIS is based on the gauge group SU(3)C × SU(2)L × U(1)Y × U(1)B−L, where the
U(1)B−L is spontaneously broken by chiral singlet superfields ηˆ1,2 with B − L charge = ±1. As in
conventional B−L model, a gauge boson Z ′ and three chiral singlet superfields νˆci with B−L charge
= −1 are introduced for the consistency of the model. Finally, three chiral singlet superfields S1 with
B − L charge = +2 and three chiral singlet superfields S2 with B − L charge = −2 are considered to
implement the inverse seesaw mechanism [15]. The superpotential of this model is given by
W = YuQˆHˆ2Uˆ
c + YdQˆHˆ1Dˆ
c + YeLˆHˆ1Eˆ
c + YνLˆHˆ2νˆ
c + YS νˆ
cηˆ1Sˆ2 + µHˆ1Hˆ2 + µ
′ηˆ1ηˆ2. (2.1)
Since the chiral singlet superfields ηˆ2 and νˆ
c have the same B − L charge, a discrete symmetry
should be imposed to distinguish them and to prohibit other terms beyond those given in eq. (2.1).
Also in this scenario, the light neutrino masses are assumed to be related to a small mass term
µsS
2
2 , with µs ∼ O(1) KeV. This mass term can be generated through a non-renormalisable higher
order interaction λ3η41S
2
2/M
3, where M is the mass of a heavy state whose loops generate this term
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and it could be of order O(103) GeV if the coupling λ associated to this interaction is ∼ O(0.1).
The relevant soft SUSY breaking terms, assuming the usual universality assumptions at the Grand
Unification Theory (GUT) scale, are given by
− Lsoft = m20
∑
φ
|φ|2 + Y Au Q˜Hˆ2U˜ c + Y Ad Q˜H1D˜c + Y Ae L˜H1E˜c + Y Aν L˜H2ν˜c + Y AS ν˜cη1S˜2
+
[
B (µH1H2 + µ
′η1η2) +
1
2
m1/2
(
g˜ag˜a + W˜ aW˜ a + B˜B˜ + B˜′B˜′
)
+ h.c.
]
, (2.2)
where the sum in the first term runs over φ = Q˜, U˜ , D˜, L˜, E˜, ν˜, S˜1,2, H1,2, η1,2 and (Y
A
f )ij ≡ (Yf )ijAij
(f = u, d, e, ν, S) is the trilinear scalar interaction coupling associated with fermion Yukawa coupling.
The B − L symmetry can be radiatively broken by the non-vanishing Vacuum Expectation Values
(VEVs): 〈η1〉 = v′1 and 〈η2〉 = v′2. We define tanβ′ as the ratio of these VEVs (tanβ′ = v′1/v′2) in
analogy to the MSSM VEVs (tanβ = v2/v1) [18, 25].
It worth noting that the most general kinetic Lagrangian of the BLSSM allows for U(1)Y and
U(1)B−L gauge kinetic mixing. This mixing can be absorbed in the covariant derivative redefinition,
where the gauge coupling matrix will be transformed as follows:
G =
 gY Y gYB
g
BY
g
BB
 =⇒ G˜ =
 g1 g˜
0 g
BL
 , (2.3)
where
g1 =
g
Y Y
g
BB
− g
YB
g
BY√
g2
BB
+ g2
BL
= g2, gBL =
√
g2
BB
+ g2
BL
, g˜ =
g
YB
g
BB
+ g
BY
g
Y Y√
g2
BB
+ g2
BL
, (2.4)
where g1 and g2 are U(1)Y and SU(2)L gauge couplings, respectively, and they are equal at the GUT
scale due to the gauge coupling unification condition.
In this basis, after the B − L and electroweak symmetry breaking, one finds
M2Z =
1
4
(g21 + g
2
2)v
2, M2Z′ = g
2
BL
v′2 +
1
4
g˜2v2, (2.5)
where
v =
√
v21 + v
2
2 ' 246 GeV and v′ =
√
v′21 + v
′2
2 . (2.6)
Furthermore, the mixing angle between Z and Z ′ is given by
tan 2θ′ =
2g˜
√
g21 + g
2
2
g˜2 + 4( v
′
v )
2g2
BL
− g22 − g21
. (2.7)
2.1 Lightest Neutralino
Now, we consider the neutralino sector in the BLSSMIS. In this model, the neutralinos χ˜0i (i = 1, . . . , 7)
are the physical (mass) superpositions of three fermionic partners of neutral gauge bosons, are called
gauginos B˜ (bino), W˜ 3 (wino) and B˜′ (B′ino), in addition to the fermionic partners of neutral MSSM
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Higgs (H˜01 , and H˜
0
2 .) and the fermionic partners of B − L scalar bosons (η˜1, and η˜2). The 7 × 7
neutralino mass matrix is given by
M7(B˜, W˜ 3, H˜01 , H˜02 , B˜′, η˜1, η˜2) ≡
M4 O
OT M3
 , (2.8)
where the M4 is the MSSM neutralino mass matrix [26–29], while M3 is 3 × 3 additional B − L
neutralino mass matrix and the off-diagonal 3× 3 matrix O are given by
M3 =

MB′ −gBLv′1 gBLv′2
−g
BL
v′1 0 −µ′
g
BL
v′2 −µ′ 0
 , O =

1
2MBB′ 0 0
0 0 0
− 12 g˜v1 0 0
1
2 g˜v2 0 0
 , (2.9)
where MB′ is B
′ino mass (equals m1/2 at the GUT scale) and MBB′ is the mass mixing term of B˜
and B˜′ (equals zero at the GUT scale). Note that the elements of the matrix O vanish identically if
g˜ = 0. In this case, one diagonalises the real matrix M7 with a symmetric mixing matrix V such as
VM7V T = diag(mχ˜0i ), i = 1, . . . , 7. (2.10)
In these conditions, the LSP has the following decomposition
χ˜01 = V11B˜ + V12W˜
3 + V13H˜
0
1 + V14H˜
0
2 + V15B˜
′ + V16η˜1 + V17η˜2. (2.11)
The LSP is called pure B′ino (B˜′) if V15 ∼ 1 and V1i ∼ 0 for i 6= 5, and pure B − L higgsino η˜1(2) if
V16(7) ∼ 1 and all the other coefficients are close to zero. However, as can be seen from eq. (2.9), the
off-diagonal elements (M3)12,13 and (M3)21,31 are not suppressed. Therefore, unless µ′ is very large,
the lightest B−L neutralino is a mixed between B′ino and η˜1,2, i.e., V15, V16 and V17 are not negligible
and even comparable. With tanβ′ ' 1, i.e., v′1 ' v′2 ' v′/
√
2, one finds the following eigenvalues of
B − L neutralinos mass matrix M3:
mχ˜05 ' µ′, (2.12)
mχ˜06,7 '
1
2
(
MB′ + µ
′ ∓
√
(MB′ − µ′)2 + 4g2BLv′2
)
. (2.13)
Therefore, if µ′  MB′ , one obtains mχ˜05 ' µ′, mχ˜06 ' 12 (MB′ + 2µ′) ∼ µ′, and mχ˜07 ' 12MB′ +
g2
BL
v′2/µ′, so in this case the LSP could be B′ino with mass of order MB′ . In addition, if µ′ MB′ ,
the LSP would be χ˜05 (mainly η˜2) with mass of order µ
′ and no degeneracy with η˜1 (unlike the case of
higgsino-like LSP in the MSSM). Recall that the µ′ parameter is determined by the B−L minimization
condition (for g˜ = 0) as follows:
µ′2 =
m2η2 −m2η1 tan2 β′
tan2 β′ − 1 −
1
4
M2Z′ . (2.14)
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Figure 1. The region in m0 −m1/2 plane, where the lightest neutralino is B − L higgsino-like with mass:
mη˜2 ' µ′ <∼ 600 GeV. Here A0 ∈ [−4, 4] TeV and tanβ ∈ [3, 50] and all the LHC constraints are satisfied.
Thus, the typical value of µ′ is of order v′ ∼ O(1) TeV. However, as in case of µ-parameter in the
MSSM, it is possible to find µ′ ∼ O(100) GeV. In fact, this possibility is even larger in the BLSSM
since tanβ′ is close to one and hence a significant cancellation among the terms in the right-hand-side
of eq. (2.14) may occur. In figure 1, we show the region of m0 −m1/2 plane that leads to η˜2 is the
LSP with |V17|2 > 0.7 and mη˜2 ' µ′ <∼ 600 GeV.
From this figure, it is remarkable that most of the points that lead to mη˜2 <∼ 600 GeV correspond
to heavy m0 and m1/2, i.e., the usual MSSM spectrum would be quite heavy and can not be probed
at the LHC in run I [30] and may be run II as well.
2.2 Lightest Right-handed Sneutrino
Now we turn to the sneutrino mass matrix. If we write ν˜L, ν˜R and S˜2 as
ν˜L =
1√
2
(
ν˜+L + i ν˜
−
L
)
, ν˜R =
1√
2
(
ν˜+R + i ν˜
−
R
)
, S˜2 =
1√
2
(
S˜+2 + i S˜
−
2
)
, (2.15)
then the sneutrino mass matrix can be written as
M2ν˜ =
M2+ 0
0 M2−
 , (2.16)
where the CP-even/odd sneutrino mass matrix (for g˜ = 0) is given by
M2± =

m2
L˜
+m2D +
1
2
(M2Z cos 2β +M
2
Z′ cos 2β
′) ±mD(Aν + µ cotβ) mDMR
±mD(Aν + µ cotβ) m2ν˜R +m2D +M2R −
1
2
M2
Z′ cos 2β
′ ±MR(AS + µ′ cotβ′)
mDMR ±MR(AS + µ′ cotβ′) m2S˜ +M
2
R +M
2
Z′ cos 2β
′
 .
– 5 –
0 500 1000 1500 2000
0
1000
2000
3000
4000
m0 @GeVD
A
0
@G
e
V
D
Figure 2. The region of m0−A0 plane that leads to mν˜1 <∼ 600 GeV. Here, m1/2 ∈ [0, 3] TeV, tanβ ∈ [3, 50]
and all the LHC constraints are satisfied.
The diagonalization of these matrices (especially with non-vanishing g˜) is not an easy task and can
only be performed numerically. It turns out that the mass of the lightest CP-odd sneutrino, ν˜−i , is
almost equal to the mass of the lightest CP-even sneutrino, ν˜+i . Also, both ν˜
−
2,3 and ν˜
+
2,3 are generated
from the mixing between ν˜R and S˜2. In fact, since the off-diagonal elements (M2±)12,13 and (M2±)21,31
are much smaller than other elements, the matricesM2± can be approximately decomposed into 1×1
(corresponds to left-handed sneutrinos) and 2 × 2 (corresponds to right-handed sneutrinos) block
diagonal matrices. Thus, for µ′ and/or AS are of order mν˜R and MR, i.e., ∼ O(1) TeV, one of the
eigenvalues of M2± is expected to be light. This lightest sneutrino can be of order O(100) GeV, as
shown in figure 2, where we display the region of A0(∼ AS)−m0(∼ µ′/2) plane that leads to lightest
right-handed sneutrino with mass less than 600 GeV.
This figure, which is based on numerical calculation of the full sneutrinos mass matrix with non-
vanishing g˜, confirms the above conclusion that A0 and/or m0 must be quite larger (∼ TeV), in order
to obtain a light right-handed sneutrino (∼ O(100) GeV). This type of LSP could be an interesting
example of DM candidate with quite heavy SUSY spectrum, required to satisfy current/future LHC
constraints.
The lightest sneutrino ν˜1 (either it is CP-even sneutrino, ν˜
R
1 , or CP-odd sneutrino, ν˜
I
1) can be
expressed in terms of ν˜+L , ν˜
+
R , S˜
+
2 (in case of it is CP-even) as
ν˜1 =
3∑
i=1
R1i(ν˜
+
L )i +
3∑
j=1
R1j(ν˜
+
R )j +
3∑
k=1
R1k(S˜
+
2 )k. (2.17)
If one defines the decomposition coefficients as R1l ≡ {R1i, R1j , R1k}, i.e., l = 1, . . . , 9, then it
is easily to show that the typical value of R1l, with diagonal AS and MR, is given by R1l =
1√
2
{0, 0, 0, 1, 0, 0, 1, 0, 0}. This confirms that the lightest sneutrino is mainly right-handed (i.e., a
combination of ν˜+R and S˜
+
2 ).
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Figure 3. The right-handed sneutrino/B − L neutralino LSP mass versus the scalar soft mass m0 for
m1/2 ∈ [0, 3] TeV, A0 ∈ [−4, 4] TeV and tanβ ∈ [3, 50] after imposing the Higgs and gluino mass constraints.
Red points indicate to the right-handed sneutrino LSP, while the green and blue points correspond to B˜′ and
η˜2 LSP, respectively.
2.3 Lightest B − L Neutralino Versus Lightest Right-handed Sneutrino
As intimated, the BLSSMIS has more candidates for DM, in addition to the usual lightest MSSM
neutralino (bino, wino, higgsino)-like. In particular, the lightest B − L neutralino (B˜′, η˜2)-like and
lightest right-handed sneutrino can be strong candidates. Here, we investigate the possibility that the
B − L lightest neutralino or lightest right-handed sneutrino makes up the LSP and hence becomes
the main candidate for the DM. In figure 3, this conclusion is emphasized by performing a scan
over the relevant parameter space of the BLSSMIS, namely m0 ∈ [0, 5] TeV, m1/2 ∈ [0, 3] TeV,
A0 ∈ [−4, 4] TeV and tanβ ∈ [3, 50] with imposing the Higgs and gluino mass constraints [31].
From this figure, one can easily notice that the lightest right-handed sneutrino (red points) is
most likely to be the LSP for a wide region of parameter space. The B′ino-like (green points) is
the second possibility for the LSP, which occurs as explained above if µ′(m0) is quite heavy. This
explains the existence of the green points in the lower right corner of the plot, where m1/2 < 1 TeV
and m0 > 1 TeV. Finally, the B − L higgsino (η˜2)-like (blue points) can be the LSP for a narrow
region of parameter space, namely when µ′ is lighter than MB′ .
3 B − L Neutralino Dark Matter
As advocated above, in the BLSSMIS the LSP is most likely pure right-handed sneutrino with a small
chance of B − L neutralino (B˜′ or η˜2). In this section, we focus on the possibility of having B − L
neutralino as DM candidate and analyse its relic abundance, the constraints imposed on this region
of parameter space for direct detection experiments and the Galactic Center Excess (GCE).
– 7 –
h′
V
V
χ˜1
χ˜1
h′
h
h
χ˜1
χ˜1
Figure 4. Feynman diagrams of the dominant annihilation channels of the B −L lightest neutralino χ˜1 into
the SM vector bosons (V = W,Z) and the SM-like Higgs h mediated by the lightest B − L CP-even Higgs.
3.1 B − L Neutralino Relic Abundance
In studying the relic abundance, we consider the scenario of standard cosmological, where the LSP
is assumed to be in thermal equilibrium with the SM particles in the early universe and decoupled
when it was non-relativistic. Therefore, the density of the lightest B − L neutralino (hereafter, we
refer to it as χ˜1) can be obtained by solving the Boltzmann equation [32, 33]:
dnχ˜1
dt
+ 3Hnχ˜1 = −〈σannχ˜1 v〉
[
(nχ˜1)
2 − (neq.χ˜1 )2
]
, (3.1)
where nχ˜1 is the number density of χ˜1 with ρχ˜1 = mχ˜1nχ˜1 . One usually defines Ωχ˜1 = ρχ˜1/ρc, where
ρc is the critical mass density. In addition, 〈σannχ˜1 v〉 is the thermal averaged of the total cross section
for χ˜1 annihilation into SM lighter particles times the DM relative velocity v. The relic density of the
DM χ˜1 is given by
Ωh2χ˜1 =
2.1× 10−27 cm3 s−1
〈σannχ˜1 v〉
(xF
20
)( 100
g∗(TF )
) 1
2
, (3.2)
where g∗ ' O(100) is the degrees of freedom and xF = mχ˜1/TF ' O(20) at the freeze out temperature,
TF .
The relevant interactions of the B−L neutralinos-like LSP, ∑7i=5 |V1i|2 ∼ 1 and V1j ∼ 0 for j =
1, . . . , 4, are given by
Lχ˜1 '2i gBL χ˜1h′ [V ∗15 (Γ33V ∗16 − Γ34V ∗17)PL + V15 (Γ33V16 − Γ34V17)PR] χ˜1
+2 g
BL
χ˜1A
′ [V ∗15 (Λ33V
∗
16 − Λ34V ∗17)PL − V15 (Λ33V16 − Λ34V17)PR] χ˜1
−i g
BL
(|V16|2 − |V17|2) χ˜1 /Z ′γ5χ˜1. (3.3)
In figure 4, we show the Feynman diagrams of the dominant annihilation channels of the lightest B−
Lneutralino into WW, ZZ, hh, through the lightest B−L CP-even Higgs boson. Other annihilation
channels mediated by Z ′/A′ are suppressed due to the heavy mass of these particles.
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Figure 5. The thermal relic abundance of B−L neutralinos, B˜′-like (green points) and η˜2-like (blue points),
LSP as a function of their masses. Horizontal lines correspond to the Planck limits on DM abundance. The
gray points indicate to the excluded points by the LHC and LEP constraints.
In figure 5, we show the constraint from the Ωh2χ˜1 observed limits as function of the lightest
B−L neutralino mass for m0, m1/2 ∈ [100 GeV, 3 TeV], A0 ∈ [−4, 4] TeV, tanβ ∈ [3, 50], and µ > 0.
Here we adopt 2σ results reported recently by Planck satellite [34], namely we assume
0.09 < Ωh2 < 0.14 (3.4)
As usual, the LHC constraints, in particular, the SM-like Higgs and gluino mass constraints, are
imposed. We used micrOMEGAs [35] to compute the complete relic abundance of χ˜1: B
′ino-like
(blue points) or B−L higgsino-like (green points). As can be seen from this figure, the narrow range
of the relic abundance limits impose stringent constraints on this type of DM candidates. One finds
only three benchmark points with B′ino DM are allowed and few points with B − L higgsino (η˜2)
DM are allowed. Note that the masses of allowed η˜2 are larger than 100 GeV and less than TeV. It
is remarkable that these allowed points are much larger than the corresponding ones in the MSSM,
where no point with bino-like is allowed and much less points for higgsino-like at very large tanβ are
allowed [1].
3.2 Direct Detection Constraints on the B − L Neutralino
We now discuss the spin-independent DM scattering cross section of the allowed B − L lightest
neutralinos studied in the previous section. The effective scalar interactions of B−L neutralino with
up and down quarks are mainly given by Z ′ exchange, i.e.,
Lscalar = fqχ˜1χ˜1 q¯q, (3.5)
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Figure 6. Spin-independent scattering cross section of the B−L lightest neutralino, B˜′-like (blue points) and
η˜2-like (green points), with a proton versus the mass of the LSP within the region allowed by all constraints
(from the LHC and relic abundance).
where fq ∝ g2BL/M2Z′ , with MZ′ > 2 TeV. Therefore, the χ˜1 coupling to protons and neutrons fp, fn
(proportional to fu and fd) are quite suppressed. The zero momentum transfer of scalar cross section
of the neutralino scattering with nucleus is given by [33]
σSI0 =
4m2r
pi
(Zfp + (A− Z)fn)2 , (3.6)
where Z and A−Z are the number of protons and neutrons, respectively, mr = mNmχ˜1/(mN +mχ˜1),
where mN is the nucleus mass. Thus, the differential scalar cross section for non-zero momentum
transfer q can be written as
dσSI
dq2
=
σSI0
4m2rv
2
F 2(q2), 0 < q2 < 4m2rv
2, (3.7)
where v is the velocity of the lightest neutralino and F (q2) is the form factor [33]. Therefore, the
spin-independent scattering cross section of the LSP with a proton is given by
σpSI =
∫ 4m2rv2
0
dσSI
dq2
∣∣
fn=fp
dq2. (3.8)
As intimated, due to the suppression of the lightest B−L neutralino scattering with proton, the spin-
independent cross section of this scattering is expected to be very small. In figure 6, we display the
spin-independent scattering cross section of the B − L neutralinos LSP with a proton after imposing
the LHC and relic abundance constraints. It is clear that σpSI results of B − L neutralinos are less
than the recent LUX bound [36], blue curve, by at least two orders of magnitude.
3.3 B − L Neutralino and Galactic Center γ-rays
Searches for DM signal utilizing gamma-ray telescopes have attracted wide attention. The Large
Area Telescope (LAT) on the Fermi Gamma-ray Space Telescope (FGST) mission has energy range
– 10 –
from 20 MeV to 300 GeV. Therefore, it is very appropriate for searching for gamma-rays possibly
produced by DM annihilation. An excess of gamma-rays photons in 3–4 GeV range from the GCE
is established by different Fermi-LAT observations [37–39]. These excess can be explained by DM
particle with mass <∼ O(100) GeV and annihilation cross section of order 〈σannv〉 ' 10−26 cm3 s−1.
The differential flux of gamma-rays over all annihilating channels of the DM particle (labeled by
the subindex i) is described by
dΦγ(Eγ , ψ)
dEγ
=
∑
i
dN iγ
dEγ
〈σanni v〉
8pim2χ˜1
1
∆Ω
∫
∆Ω
dΩ
∫
los
ρ2(r) dl, (3.9)
where dN iγ/dEγ is the gamma-ray spectrum produced per annihilation i, which depends on the mass
and the dominant annihilation channels of the DM particle and is calculated by using PYTHIA [40].
The astrophysical factor of eq. (3.9) can be identified as:
〈J〉∆Ω =
∫
∆Ω
dΩ
∫
los
ρ2(r) dl, (3.10)
where the first integral is performed over the solid angle of the detector ∆Ω = 2pi(1− cosψ) and the
second integral is performed over the light-of-sight (los): from 0 to the distance lmax between the sun
and the edge of the halo, lmax(ψ) = r cosψ +
√
r2 − r2 sin2 ψ, where the radial distance r from the
GC is related to the distance l from the sun to any point of the halo as follows:
r2 =
(
l2 + r2 − 2lr cosψ
) 1
2 , (3.11)
where r = 8.5 kpc is the distance between the sun and the GC, ψ is the angle observed relative to the
direction of the GC and ρ(r) is the DM density, which in case of a generalized Navarro-Frenk-White
(NFW) halo profile with inner slope γ is given by [41, 42]
ρ(r) = ρ0
(r/rs)
−γ
(1 + r/rs)3−γ
, (3.12)
where rs = 20 kpc is the scale radius, ρ0 = 0.4 GeV/cm
3 is the local DM density. Therefore, in the
case of γ = 1.3 and within a Region Of Interest (ROI) at galactic latitudes 2◦ ≤ |b| ≤ 20◦ and galactic
longitudes |l| ≤ 20◦, one finds the astrophysical factor 〈J〉∆Ω of order O(1022) GeV2 cm−5 [37, 43].
The inner region (|b| < 2◦) is avoided because this region of the sky that is most contaminated with
strong gamma-ray point sources and with very large uncertainties in the diffuse emission.
The B − L neutralinos (either B˜′ or η˜2) cannot account for such gamma-ray excess for the
following two reasons: (i) The B − L neutralino masses are constrained by relic abundance to be
larger than 100 GeV. (ii) As the B − L neutralinos are Majorana fermions, their annihilation cross
section can be approximated as 〈σannv〉 ' bv2 (no s-wave), which should be of order 10−26 cm3 s−1 at
the freeze out temperature, where the velocity of the DM vF is of order 0.1 c, where c is the speed of
light. In our galactic halo the velocity of the DM particles is much smaller (v ∼ 10−3 c). Therefore,
the B−L neutralino annihilation cross sections in the galactic halo are of order 10−30 cm3 s−1, which
are quite small to account for the GCE.
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Figure 7. Feynman diagrams of the dominant annihilation and co-annihilation channels of the right-handed
sneutrino ν˜1 into the CP-even Higgs bosons (h, h
′), the SM vector bosons (V = W,Z) and νν¯.
4 Right-handed Sneutrino Dark Matter
We now turn to the lightest right-handed sneutrino LSP, ν˜1. As in the previous section, we will
investigate the relic abundance constraints imposed on the parameter space in this scenario, then we
analyse the prediction of this candidate for the direct detection and gamma-rays flux from the GC.
4.1 Right-handed Sneutrino Relic Abundance
The relevant interactions for dominant channels of right-handed sneutrino annihilation are given by:
Lν˜1= i
3∑
n,m,l=1
(ν˜R1 )
2|h|2
[
g˜gBL
4
(
Γ211 − Γ212
)− Γ212R∗1,l+3R∗1,m+3YνmnYνln]+(ν˜R1 )2|h′|2
[
g2BL
2
(
Γ233 − Γ234
)− Γ233YS2n
]
+ i
3∑
n=1
(ν˜R1 )
2h′
[
1
2
g2
BL
(
v′1Γ33 − v′2Γ34
)−√2µ′Γ34R∗1,n+6R∗1,n+3YSn − Γ33 (√2R∗1,n+6R∗1,n+3TSn + v′1YS2n)]
+ i
3∑
n,m,l=1
(ν˜R1 )
2h
[
1
4
g˜gBL (v1Γ11 − v2Γ12)− v2Γ12R∗1,l+3R∗1,m+3YνmnYνln
]
+
[
(ν˜R1 )
2 → (ν˜I1)2 and Rij → Iij
]
− iχ˜1 ν˜R1 νiL
3∑
n=1
[
V ∗15
2
gBL
(
R∗1,3+nU
∗
i,3+n +R
∗
1,6+nU
∗
i,6+n
)
+
V ∗16√
2
YSn
(
R∗1,6+nU
∗
i,3+n +R
∗
1,3+nU
∗
i,6+n
)]
+ χ˜1 ν˜
I
1ν
i
L
3∑
n=1
[
V ∗15
2
gBL
(
I∗1,3+nU
∗
i,3+n − I∗1,6+nU∗i,6+n
)
+
V ∗16√
2
YSn
(
I∗1,6+nU
∗
i,3+n − I∗1,3+nU∗i,6+n
)]
+
1
2
gBL
3∑
n=1
ν˜R1 ν˜
I
1(p
′ − p)µZ′µ
(
I∗1,n+6R
∗
1,n+6 − I∗1,n+3R∗1,n+3
)
, (4.1)
where Γ and R (I) are the matrices that diagonalize the CP-even Higgs mass matrix and the CP-even
(odd) sneutrino mass matrix, respectively. We assumed that YS is diagonal with YSnn = YSn, and
n = 1, 2, 3. The interaction term of ν˜21 and hh
′ is not included in the above expression, since it is much
smaller than the interactions with |h|2 and |h′|2. However, in our numerical calculations it is taken
into account along with other subdominant interactions. Thus, the Feynman diagram of the dominant
annihilation channels of ν˜1 to CP-even Higgs bosons, SM gauge bosons and three light-neutrinos, ν
i
L,
are given in figure 7. It is clear that the four-point interaction ν˜21 |h′|2 gives the dominant effect for
the annihilation of ν˜1.
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Figure 8. The thermal relic abundance of right-handed sneutrino LSP as a function of its mass. The gray
triangles denote to the excluded points due to LUX upper bound. Horizontal lines correspond to the Planck
limits on DM abundance.
The relic abundance of the lightest right-handed sneutrino, Ωh2ν˜1 , as function of its mass Mν˜1 is
presented in figure 8, for m0, m1/2 ∈ [100 GeV, 3 TeV], A0 ∈ [−4, 4] TeV, tanβ ∈ [3, 50], and µ > 0.
The observed limits in eq. (3.4) and the Higgs mass and gluino mass constraints are imposed. As can
be seen from this figure, unlike the scenario of lightest neutralino, there are many points with Mν˜1
varies from 80 GeV to 1.2 TeV are allowed. This wide range of the allowed right-handed sneutrino
DM would rescue the idea of SUSY DM, which faces serious challenges and stringent constraints in
the MSSM and also in the BLSSM with neutralino DM candidates.
4.2 Direct Detection Constraints on the Right-handed Sneutrino
From eq. (4.1), one can see that the effective scalar interactions of ν˜1 with up and down quarks are
given by CP-even Higgs bosons (h and h′) exchanges. Therefore, the effective coupling fq in eq. (3.5)
is given by
fq ' gν˜1ν˜1h gqq¯h
m2h
+
gν˜1ν˜1h′ gqq¯h′
m2h′
, (4.2)
where these couplings (in the case of the lightest sneutrino being CP-even, ν˜R1 ) are as follows
gν˜R1 ν˜R1 h′ '
3∑
n=1
g2
BL
2
(v′1Γ33−v′2Γ34)−
√
2µ′Γ34R∗1,n+6R
∗
1,n+3YSn−Γ33
(√
2R∗1,n+6R
∗
1,n+3TSn+v
′
1YS
2
n
)
,
gν˜R1 ν˜R1 h '
3∑
n,m,l=1
v2Γ12
(
R∗1,l+3R
∗
1,m+3YνmnYνln −
1
4
g˜g
BL
)
, (4.3)
guu¯h =
mu
v
Γ12
sinβ
, gdd¯h =
md
v
Γ11
cosβ
, (4.4)
guu¯h′ =
mu
v
Γ32
sinβ
, gdd¯h′ =
md
v
Γ31
cosβ
. (4.5)
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Figure 9. The spin-independent cross section of the scattering between the right-handed sneutrino LSP and
proton versus its mass. The blue curve is the recent LUX result. The gray points are excluded by the Planck
limits on the DM relic abundance.
From these expressions, one finds that on the one hand the coupling gν˜R1 ν˜R1 h′ ∼ g2BLv′ ∼ O(100) GeV
and the coupling gqq¯h′ is quite suppressed due to very small mixing Γ32/Γ31 and up/down Yukawa
coupling, therefore, the effective coupling due to h′ exchange in eq. (4.2) is of order Yd/(m2h′ cosβ) ∼
O(10−7) GeV−1. On the other hand the coupling gν˜R1 ν˜R1 h ∼ Y 2ν v ∼ O(10) GeV and the cou-
pling gdd¯h ∼ YdΓ11/ cosβ ∼ 10−4, therefore, the effective coupling due to h exchange is of order
O(10−3) GeV−1. In this case, the effective coupling of ν˜1 to proton and neutrino, f ν˜1p,n is about three
order of magnitudes larger than the effective coupling of the neutralinos f χ˜1p,n. Thus, one would expect
a larger spin-independent cross section for sneutrino DM that may even exceed the LUX limits.
In figure 9, we show the spin-independent cross section of the scattering between the ν˜1 DM and
proton as a function of its mass. Here we used all the allowed points of the scan in figure 3 that
lead to a viable ν˜1 DM. As expected, some points exceed the experimental limits of LUX, however, a
significant number of benchmarks predicts cross sections that can be probed in near future.
4.3 Right-handed Sneutrino and Galactic Center γ-rays
The measured signal from the GC consists of the gamma-ray of photons from annihilating DM particle
and a background. Therefore, the differential of total observed gamma-ray flux can be written as
dΦtot
dEγ
=
dΦγ
dEγ
+
dΦBG
dEγ
, (4.6)
where dΦγ/dEγ is the differential gamma-ray flux generated from the DM, defined in eq. (3.9), and
dΦBG/dEγ is the Fermi bubbles [39, 44–46] and the isotropic gamma-ray backgrounds [47].
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Figure 10. The measured spectrum of gamma-rays within the ROI 2◦ ≤ |b| ≤ 20◦ and |l| ≤ 20◦ of the
GC. The dashed line shows the backgrounds. (Left panel) The gamma-rays spectrum produced for the
lightest sneutrino DM annihilation into WW (91 %) with Mν˜1 ' 80.3 GeV and total annihilation cross
section 〈σannv〉 ' 2× 10−26 cm3 s−1 (the dot-dashed green curve). (Right panel) The gamma-rays spectrum
produced for the lightest sneutrino DM annihilation into hh (80 %) and tt¯ (20 %) with Mν˜1 ' 200 GeV and
total annihilation cross section 〈σannv〉 ' 5 × 10−26 cm3 s−1 (the dot-dashed green curve). The solid blue
curve shows the sum of the signal and its backgrounds.
In figure 10, we show the differential flux of gamma-rays originated from the annihilation of the
lightest sneutrino DM with masses: ∼ 80 GeV (left panel) and ∼ 200 GeV (right panel), respectively.
These two benchmark points satisfy all astroparticle constraints and the LHC constraints as well.
In case of lightest sneutrino mass ∼ 80 GeV, the annihilation cross section is dominated by WW
channel and given by 〈σannWW v〉 ' 2 × 10−26 cm3 s−1. While the annihilation cross section of the
lightest sneutrino with mass 200 GeV is dominated by hh channel (80 %) and tt¯ channel (20 %) and
given by 〈σannhh v〉 ' 5× 10−26 cm3 s−1. The Fermi bubbles and the isotropic gamma-ray backgrounds
are given by dashed line and our signals are presented by dot-dashed green curve. The sum of signal
and background is given by the solid blue curve.
As can be seen from this figure, the observed access by Fermi-LAT at energy ∼ 2 − 5 GeV can
be accommodated by the lightest sneutrino in our two examples. It is worth noting that heavy ν˜1
with mass larger than 100 GeV and dominated annihilation into pair of WW cannot account for these
excess, since the peak of the curve is shifted to Eγ ∼ 5− 10 GeV.
– 15 –
5 Conclusions
In this paper we have analysed the DM sector in the BLSSMIS model, which is a well motivated
scenario by neutrinos oscillate and non-vanishing neutrino masses. The BLSSMIS is an extension of
the MSSM obtained by a U(1)B−L extension of the SM gauge group and implementing inverse seesaw
mechanism. We showed that the BLSSMIS offers new cold DM candidates, in addition to the usual
MSSM neutralinos. In particular, the extra B − L neutralinos (one B˜′ and two extra higgsinos η˜1,2)
and the lightest right-handed sneutrino can be the LSP and viable candidates of DM. The lightest
B − L neutralino is typically a mixed between B˜′ and η˜2. It may be a B′ino-like if µ′ parameter is
much large than the soft parameter MB′ . Due to the large off-diagonal elements in the right-handed
sneutrino mass matrix, which are proportional to µ′ and trilinear coupling AS ∼ TeV, one of its
eigenvalues is light, hence the lightest sneutrino can be of order O(100) GeV.
We have analysed the constraint from the relic abundance observed limits on the three BLSSMIS
DM candidates. We found that in case of B′ino-like DM only three benchmark points are allowed,
while a few more points in case of extra B − L higgsino are survived. In case of lightest right-
handed sneutrino, it turns out that relic abundance constraints can be satisfied for a wide range of
parameter space, with DM mass varies from 80 GeV to 1.2 TeV. We also studied the spin-independent
DM scattering cross section with nuclei. We showed that the scattering cross section of the B − L
neutralinos LSP (that satisfies the relic constraints) with a proton is less than the recent LUX bounds,
by about two order of magnitudes. However, these bounds exclude some of the right-handed sneutrino
allowed points, yet a significant number of benchmark points predicts cross sections that can be probed
in near future. Finally, we pointed out that due to the Majorana type of the B − L neutralino, its
annihilation cross section is p-wave with no s-wave contribution. Therefore, its annihilation cross in
the galactic halo is of order 10−30 cm3 s−1, which is quite small to account for the GC gamma-ray
excess measured by Fermi-LAT. The right-handed sneutrino is scalar DM, so its annihilation cross
section has an s-wave contribution. Thus, its value in galactic halo is almost equal to its value at the
decoupling limit, ∼ 10−26 cm3 s−1, thus a lightest right-handed sneutrino with mass O(100) GeV can
account for the observed GC gamma-ray results, through annihilation to WW .
These results indicate that the right-handed sneutrino LSP provides a very compelling example
of SUSY DM and it rescues the idea, which faces serious challenges and stringent constraints in the
MSSM and also in the BLSSM.
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